1. Introduction {#sec1}
===============

Plastic is visible in both agricultural and industrial areas, small to everyday items, and large to aerospace equipment. It plays an irreplaceable role in people daily lives. According to statistics, the annual global plastic production had sharply risen from 2 million tons in 1950 to 348 million tons in 2017, of which 17.7% in NAFTA, 4% in Latin America, 18% in Europe, 7.1% in Middle East Africa, 2.6% in CIS, and 50.1% in Asia (29.4% in China, 3.9% in Japan, and 16.8% in Rest of Asia).^[@ref1]^ In the meanwhile, the global production of plastic wastes reached 6 billion tons in 2015, of which 76% were landfilled, 12% were burnt, 3% entered the ocean, and only 9% were recycled.^[@ref2]^ It has been a serious threat to the human being living environment because of the huge amount and ineffective treatment. Thus, it was necessary to find a feasible way to address plastic waste issues and to relieve environmental stress.

The pyrolysis has been received extensive attention because of its flexibility to generate a combination of solid, liquid, and gaseous products in different proportions only by varying the operating parameters such as temperature or heating rate.^[@ref3]−[@ref6]^ The chlorine was commonly removed from plastic mixtures before the pyrolysis step.^[@ref7]^ Miranda et al.,^[@ref8]^ stated that the chlorine in polyvinyl chloride (PVC) could be completely removed at a temperature of 375 °C, and the synergistic effect during the co-pyrolysis of PS and PVC was also observed in their work. Wu et al.,^[@ref9]^ observed the inhibition between polyethylene (PE) and PVC during co-pyrolysis. Many researchers studied on the pyrolysis kinetics for the reactor design and process optimization. Aboulkas et al.,^[@ref10]^ reported that the pyrolysis of PE and polypropylene (PP) could be characterized by the one-step model, and the activation energy of PE and PP fluctuated slightly at the conversion rate of 0.1--0.9. However, Xu et al.,^[@ref11]^ stated that the pyrolysis behavior of low-density polyethylene (LDPE) and PP could be accurately described by the R2 (shrink ball) and R3 (contracted cylinder) models while the first and second stages of PVC pyrolysis belonged to A3 (three-dimensional nucleation) and D3 (three-dimensional diffusion) models. Qiao et al.,^[@ref12]^ believed that the frequency factor and activation energy presented the same variation trend. Soria-Verdugo et al.,^[@ref13]^ found that the kinetics parameters evaluated by Ozawa--Flynn--Wall and Kissinger--Akahira--Sunose methods were similar to the distributed activation energy model (DAEM). Some other works investigated on the co-pyrolysis of plastics, mainly focusing on the oil quality.^[@ref14],[@ref15]^ All these works have made great contributions to the understanding of plastic pyrolysis behaviors and oil quality. However, the synergistic effect during pyrolysis and its impact on chlorine removal are still required to explore. In practical, the chlorine removal is quite important for the chlorinated organic wastes because of the acidic corrosion to equipment and environmental pollution, resulting from the dioxin formation.

In this work, the pyrolysis behaviors and kinetics of plastic mixture of linear LLDPE, PP, and PVC were investigated by thermogravimetric analysis (TGA) under various heating rates. The kinetics parameters were derived according to the DAEM. The synergistic effects during the plastic mixture pyrolysis were studied, and its impact on the chlorine removal was also discussed. This study is helpful for the harmlessness treatment and thermal utilization of plastic waste, especially the organic chlorinated wastes.

2. Materials and Methods {#sec2}
========================

2.1. Material Preparation {#sec2.1}
-------------------------

Three typical plastics, including linear LLDPE, PP, and PVC, were obtained from Exxon Corporation, China Petroleum and Chemical Corporation Maoming Branch, and Hanwha. Their density were 0.93, 0.98, and 1.41 g/cm^3^, respectively. There was no long chain branch in the structure of LLDPE compared to LDPE but more short branches compared to HDPE. All the materials were dried in an electric oven at ∼70 °C for 24 h to eliminate the influence of moisture and utilized as it was without further purification. The powdered samples with a diameter of around 100 mesh were used for TGA. The proximate and ultimate analysis of samples is presented in [Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}.

###### Proximate and Ultimate Analysis of Materials

          ultimate analysis (wt %[a](#t1fn1){ref-type="table-fn"})   proximate analysis (wt %[a](#t1fn1){ref-type="table-fn"})                                                      
  ------- ---------------------------------------------------------- ----------------------------------------------------------- ------ ------ ------ ------- ------ ------ ------- ------
  LLDPE   85.61                                                      14.29                                                       0.02   0.05   0.03   0.00    0.02   0.05   99.86   0.07
  PP      85.71                                                      14.18                                                       0.04   0.03   0.04   0.00    0.03   0.04   99.90   0.03
  PVC     37.78                                                      4.83                                                        0.36   0.14   0.16   56.73   0.01   0.00   96.52   3.47

On an air dry base; M, inherent moisture; VM, volatile matter; and FC, fixed carbon.

2.2. Pyrolysis Behavior {#sec2.2}
-----------------------

The pyrolysis was carried out in a TG analyzer (LabsysEvo, SETARAM). Before the experiments, the crucible made of Al~2~O~3~ was placed in a muffle furnace at 900 °C for 1 h to reduce experimental errors. The inner tube of the thermogravimeter was flushed using a large flow rate of nitrogen (99.999%) for approximately 20 s. For each run, the sample mass was around 20 ± 0.5 mg, and the nitrogen flow rate was 20 mL/min. All the tests followed the same procedure: steady at 30 °C for 5 min and then heated up to 800 °C under the nonisothermal conditions at a constant rate of 10, 20, 30, and 40 K/min. The plastic mixtures were prepared by mixing PP, LLDPE, and PVC, according to various proportions as shown in [Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}.

###### Composition of Plastic Mixtures[a](#t2fn1){ref-type="table-fn"}

                              heating rate (K/min)           
  ---- -------------- ------- ---------------------- --- --- ---
  1    LLDPE                  √                      √   √   √
  2    PP                     √                      √   √   √
  3    PVC                    √                      √   √   √
  4    LLDPE/PP       1/1     √                          √   √
  5    LLDPE/PP       1/2     √                          √   √
  6    LLDPE/PP       1/3     √                          √   √
  7    LLDPE/PP/PVC   3/2/1   √                          √   √
  8    LLDPE/PVC      1/1                            √        
  9    PP/PVC         1/1                            √        
  10   LLDPE/PP/PVC   1/1/1                          √        

√ parameters utilized in the pyrolysis of plastic mixture; not applicable.

2.3. Kinetics Analysis {#sec2.3}
----------------------

The DAEM was based on the hypothesis of infinite parallel reaction and the activation energy distribution. It could be written as follows^[@ref12],[@ref16]^*V*---volatile matter at a given time, %; *V*\*---total volatile matter, %; *T*---pyrolysis temperature, K; *E*~τ~*-----*activation energy at a given time (τ); *A*~τ~---activation energy at a given time (τ); *E*---activation energy, kJ/mol; *A*---frequency factor, 1/min; and gas constant, *R* = 8.314 kJ/(mol·K). *f*(*E*) was a function of the activation energy *E* and met the conditions

[Eq [1](#eq1){ref-type="disp-formula"}](#eq1){ref-type="disp-formula"} could be then simplified as

The pyrolysis temperature (*T*) at a given time (τ) could be expressed by the heating rate β as follows

[Equation [3](#eq3){ref-type="disp-formula"}](#eq3){ref-type="disp-formula"} was then derived as

[Equation [5](#eq5){ref-type="disp-formula"}](#eq5){ref-type="disp-formula"} fulfills the format of *Y* = *aX* + *b*, in which *Y* and *X* are ln(β/*T*^2^) and 1/*T*, respectively. *a* is the slope, and *b* is the intercept of the fitting line of ln(β/*T*^2^) versus 1/*T*. According to the TGA data, the activation energy (*E*) and frequency factor (*A*) could be obtained by *E* = −*Ra* and *A* = exp(*b* -- 0.6075) × *E*/*R*, respectively.

3. Results and Discussion {#sec3}
=========================

3.1. Pyrolysis Behaviors of LLDPE, PP, and PVC {#sec3.1}
----------------------------------------------

[Table [3](#tbl3){ref-type="other"}](#tbl3){ref-type="other"} summarizes the characteristic parameters of the pyrolysis of individual polymers (LLDPE, PP, and PVC) under various nonisothermal heating rates as 10, 30, and 40 K/min, respectively. The thermogravimetry/ derivative thermogravimetry (TG/DTG) data are presented in [Figure S1](http://pubs.acs.org/doi/suppl/10.1021/acsomega.9b04116/suppl_file/ao9b04116_si_001.pdf). Both LLDPE and PP presented a similar pyrolysis behavior with only one reaction stage, which could be ascribed to their similar chemical structure. This was consistent with those reported by Aboulkas et al.,^[@ref10]^ and Xu et al.,.^[@ref11]^ At the heating rate of 10 K/min, both LLDPE and PP were melted at a low temperature and then started to decompose at 460 and 434 °C, respectively. At this stage, LLDPE and PP began to decompose because of the random chain scission, resulting in a loss of polymer molecular weight. The pyrolysis products were mainly macromolecular with small amount of volatile gases at this stage. These macromolecular products could be further decomposed by heating.^[@ref17],[@ref18]^ Additionally, the temperature (*T*~P~) for maximum weight loss rate occurred at 483 and 467 °C for LLDPE and PP, respectively, suggesting a higher thermal stability of LLDPE than PP. This was because the high number of tertiary carbon existed in the molecule chain of PP, which provided more stable-free radicals than secondary of primary carbon. In other words, higher branching degree of PP (compared to LLDPE) resulted in a weaker link in the molecular chain of PP. Thus, the PP was easier than LLDPE to decompose. Besides, some secondary condensation reactions could also happen during the pyrolysis. Liu et al.,^[@ref17]^ observed an exothermic peak at the later stage of LLDPE and PP pyrolysis.

###### Pyrolysis Parameters of Individual Components at Different Heating Rates[a](#t3fn1){ref-type="table-fn"}

  polymers                              heating rate (K/min)             DTG~p~ (%/K)   *T*~p~ (°C)   *T*~i~ (°C)   *T*~f~ (°C)
  ------------------------------------- ---------------------- --------- -------------- ------------- ------------- -------------
  LLDPE                                 10                               --3.55         483           460           505
                                        30                               --2.84         505           482           534
                                        40                               --2.39         511           490           544
  PP                                    10                               --2.93         467           434           489
                                        30                               --2.47         487           451           521
                                        40                               --2.17         492           463           529
  PVC[b](#t3fn2){ref-type="table-fn"}   10                     Stage 1   --1.37         288           272           379
                                                               Stage 2   --0.36         467           379           556
                                        30                     Stage 1   --1.06         316           294           404
                                                               Stage 2   --0.31         489           404           563
                                        40                     Stage 1   --0.93         326           300           415
                                                               Stage 2   --0.30         498           415           573

*T*~i~: the temperature at the TG value of 95% was defined as the initial decomposition temperature of the pyrolysis. *T*~f~: the final temperature of the pyrolysis. *T*~p~: the maximum mass loss rate temperature. DTG~p~: the maximum mass loss rate.

For samples containing PVC, the *T*~i~ at stage one was defined as chlorine-release temperature, referring to yuan et al.,^[@ref19]^

Contrary to LLDPE and PP, the pyrolysis of PVC could be clearly divided into two stages as dehydrochlorination with the temperature range of 272--379 °C and the hydrocarbon decomposition at the temperature range of 379--556 °C at the heating rate of 10 K/min. This was because the chlorine was usually removed from plastic mixtures prior to the pyrolysis step.^[@ref7]^ The DTG~P~ at 288 °C was significantly higher than that at 467 °C, indicating that the decomposition of PVC mainly appeared at the first stage. At this stage, the main products were hydrogen chloride (HCl) and a small amount of gases with small molecules (e.g., hydrogen, methane, ethane,^[@ref19]^ and ethylene^[@ref9],[@ref20]^). The categories of products at the second pyrolysis stage were very complicated, mainly derived from the pyrolysis of polyene-conjugated structure in PVC at high temperatures. The main products from this stage consisted of aliphatic compounds, aromatic compounds (benzene, toluene, *o*-xylene, chlorobenzene, etc.), and chars.^[@ref21],[@ref22]^

LLDPE, PP, and PVC presented a similar feature in the aspect of the pyrolysis parameters. The initial (*T*~i~) temperature, maximum weight loss (*T*~p~), and final temperatures (*T*~f~) of LLDPE, PP, and PVC moved to higher temperatures with the heating rate (increasing from 10 to 40 K/min). In the meanwhile, the DTG~P~ values became lower with the heating rates, which could be attributed to thermal lag and heat transfer limitations. The temperature difference between the furnace and samples was more and more noticeable with the heating rates. Besides, the pyrolysis reactions also depended on the heating rates. The DTG~P~ values started decreasing, indicating a lower decomposition rate for LLDPE and PP and a lower chlorine removal and decomposition rate for PVC.

3.2. Pyrolysis of Plastic Mixtures {#sec3.2}
----------------------------------

[Table [4](#tbl4){ref-type="other"}](#tbl4){ref-type="other"} presents the basic data from the pyrolysis of plastic mixtures. These parameters were quite different from those for sole plastic pyrolysis. For LLDPE/PP mixtures, the initial decomposition temperature (*T*~i~) and the maximum mass loss rate temperature (*T*~P~) decreased at a heating rate of 10 K/min, when the mass ratio of LLDPE to PP was decreased from 1:1 to 1:3. This indicates that the thermal stability of the LLDPE/PP mixtures tended to reduce with the PP proportion in the mixture.

###### Pyrolysis Parameters of Plastic Mixtures at Various Heating Rates

  polymers              heating rate (K/min)             DTG~p~ (%/K)   *T*~p~ (°C)   *T*~i~ (°C)   *T*~f~ (°C)
  --------------------- ---------------------- --------- -------------- ------------- ------------- -------------
  LLDPE:PP(1:1)         10                               --3.31         471           441           494
                        30                               --2.83         493           466           522
                        40                               --2.32         498           469           534
  LLDPE:PP(1:2)         10                               --3.05         469           435           493
                        30                               --2.62         491           456           521
                        40                               --2.26         497           465           530
  LLDPE:PP(1:3)         10                               --2.81         466           427           491
                        30                               --2.54         489           455           520
                        40                               --2.20         499           464           532
  LLDPE:PP:PVC(3:2:1)   10                     Stage 1   --0.23         305           305           376
                                               Stage 2   --2.58         479           376           507
                        30                     Stage 1   --0.18         342           324           396
                                               Stage 2   --2.29         500           396           532
                        40                     Stage 1   --0.13         348           337           418
                                               Stage 2   --1.95         507           418           540

The pyrolysis of LLDPE/PP/PVC (3:2:1) could be divided into two main reaction stages. The first DTG~P~ value of LLDPE/PP/PVC mixture was lower than the PVC pyrolysis while it became higher at the second stage. The first stage was mainly ascribed to the chlorine removal. However, the pyrolysis of LLDPE/PP/PVC (3:2:1) would be mainly characterized by the pyrolysis of LLDPE and PP as the temperature was above 427 °C because of the low PVC (1/6) proportion in the mixture. The initial decomposition temperature (*T*~i~) of polymers followed the order of LLDPE \> LLDPE/PP (1:1) \> LLDPE/PP (1:2) \> PP \> LLDPE/PP (1:3) \> LLDPE/PP/PVC (3:2:1) \> PVC, indicating the highest thermal stability of LLDPE.

[Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"} shows the experimental and theoretical TG/DTG curves of the LLDPE/PP (1:1), LLDPE/PP (1:2), LLDPE/PP (1:3), and LLDPE/PP/PVC (3:2:1) pyrolysis under the heating rate of 10 K/min. It is worth pointing out that the theoretical curves were obtained from the linear combination of individual components. The obvious difference could be observed between the experimental and theoretical TG/DTG curves as shown in [Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}. For LLDPE/PP mixtures, the pyrolysis occurred earlier in practical, implying the promotion of the mixtures pyrolysis. However, the synergistic effect weakened with the increase of LLDPE in the mixtures. At a given temperature, the experimental TG values were lower than that of theoretical calculation. It indicates that the individual components interacted each other during the pyrolysis of LLDPE with PP, which played a synergistic effect on the pyrolysis reaction.

![Experimental and calculated TG/DTG curves of plastic mixture (PE = LLDPE, 10 K/min).](ao9b04116_0001){#fig1}

In each case, the peaks of the experimental DTG curves moved to low temperatures compared to the theoretical ones. The corresponding peak values of the experimental DTG curves were higher than that from linear calculation, indicating that the LLDPE/PP mixtures had lower thermal stability during the co-pyrolysis of LLDPE with PP.

For LLDPE/PP/PVC (3:2:1), a higher initial temperature was observed compared to that of theoretical calculation, indicating the postpone of the LLDPE/PP/PVC (3:2:1) pyrolysis. It also suggests that the chlorine release from PVC moved toward higher temperatures. The experimental DTG curves of LLDPE/PP/PVC (3:2:1) pyrolysis showed higher peak temperature as well as lower peak value at the first stage compared to that of calculated ones. This implies that the LLDPE/PP/PVC (3:2:1) had higher thermal stability during the pyrolysis. It could also conclude that the pyrolysis of LLDPE/PP/PVC (3:2:1) led to a deceleration of the chlorine release from PVC. At the second stage, the difference between the experimental and the calculated TG/DTG curves indicated an unnoticeable antagonistic during the LLDPE/PP/PVC (3:2:1) pyrolysis. Besides, the pyrolysis reactions at the second stage were mainly composed of LLDPE with PP decomposition because of the low proportion of PVC in the LLDPE/PP/PVC (3:2:1) mixture. Thus, the co-pyrolysis of LLDPE and PP was hindered after the introduction of PVC.

3.3. Chlorine-Removal Behavior {#sec3.3}
------------------------------

The co-pyrolysis plastic had a significant impact on the behavior of chlorine removal. To further investigate the synergistic effect, the PVC was mixed with LLDPE and PP at various mass ratios and then pyrolyzed under the heating rate of 20 K/min. The experimental and calculated TG/DTG curves are presented in [Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}. An obvious deviation between the experimental and the theoretical TG/DTG curves was observed for LLDPE/PVC (1:1), PP/PVC (1:1), and LLDPE/PP/PVC (1:1:1), indicating that a strong interaction occurred at the dechlorination stage of the plastic mixture pyrolysis.

![Experimental and theoretical TG/DTG curves of LLDPE/PVC (1:1), PP/PVC (1:1), and LLDPE/PP/PVC (1:1:1) (PE = LLDPE, 20 K/min).](ao9b04116_0002){#fig2}

The pyrolysis occurred lately than the theoretical ones for LLDPE/PVC (1:1), PP/PVC (1:1), and LLDPE/PP/PVC (1:1:1), suggesting that the chlorine release was postponed in the pyrolysis. Additionally, the experimental TG values at a given temperature were relatively higher than that of theoretical values in all the cases, indicating an antagonistic effect during the plastic mixture pyrolysis.

[Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"} shows the higher peak temperature and the lower peak value of the experimental DTG curves at the first stage of the LLDPE/PVC (1:1), PP/PVC (1:1), and LLDPE/PP/PVC (1:1:1) pyrolysis, showing a higher thermal stability of the plastic mixtures. The decomposition of the second stage was slightly delayed in the pyrolysis of plastic mixtures. Tang et al.,^[@ref23]^ analyzed the chlorine balance and concluded that about 88--96 wt % of chlorine would be released in the form of HCl, 3--12 wt % stayed in liquid, and only ∼2 wt % in char. Besides, the chlorine content of the liquid products depended on the type of plastic added, suggesting that there were reactions between the products from the PVC degradation and those from the degradation of the other plastics. To some extent, these reactions would promote or hinder the chlorine removal, which could be presented as the variation of the initial decomposition temperature and also the decomposition rate. The results here show that the other plastic would hinder the chlorine removal from chlorinated waste plastics. In other words, the treatment of chlorinated waste plastics became more difficult than that of PVC in thermal conversion, and more attention should be paid on the high-temperature chlorine corrosion in practical.

The dechlorination efficiency ψ at the first stage was estimated by ψ = Cl~release~/Cl~total~ based on TG data. The experimental and theoretical dichlorination efficiencies are presented in [Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}. Both LLDPE/PVC (1:1) and PP/PVC (1:1) showed a lower experimental dechlorination efficiency compared to that of calculated ones. This suggests a noticeable antagonistic effect on dechlorination during the co-pyrolysis of PVC with LLDPE or PP. Similarly, the deviation between the experimental and theoretical dechlorination efficiency also showed an antagonistic effect on dechlorination for LLDPE/PP/PVC (1:1:1). Thus, all these results suggested that the treatment of chlorinated waste plastics was more difficult than that of PVC in thermal conversion.

![Chlorine-removal efficiency of LLDPE/PVC (1:1), PP/PVC (1:1), and LLDPE/PP/PVC (1:1:1) at the first stage of co-pyrolysis (PE = LLDPE, 20 K/min).](ao9b04116_0003){#fig3}

3.4. Kinetics Behavior {#sec3.4}
----------------------

[Figure S2](http://pubs.acs.org/doi/suppl/10.1021/acsomega.9b04116/suppl_file/ao9b04116_si_001.pdf) shows the fitting curves according to [eq [5](#eq5){ref-type="disp-formula"}](#eq5){ref-type="disp-formula"}. The corresponding correlation coefficients (*R*^2^) are summarized in [Table S1](http://pubs.acs.org/doi/suppl/10.1021/acsomega.9b04116/suppl_file/ao9b04116_si_001.pdf). The values of *R*^2^ exceeded 0.98 in the all cases, with the exception of PP (0.97) and LLDPE/PP/PVC (3:2:1) (0.96) at the conversion of 0.1. It indicates that the DAEM method could well predict the kinetics behavior of the polymer pyrolysis. The kinetics parameters (*E* and *A*) are found in [Tables S2 and S3](http://pubs.acs.org/doi/suppl/10.1021/acsomega.9b04116/suppl_file/ao9b04116_si_001.pdf).

[Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"} shows the variation of the activation energy (*E*) and ln*A* at the conversion range of 0.1--0.9 for LLDPE, PP, PVC, and their mixtures. The activation energy (*E*) of LLDPE and PP fluctuated in the range of 215--229 and 199--215 kJ/mol, respectively. Unlike LLDPE and PP, PVC showed two reaction stages as dechlorination and depolymerization, which had an activation energy (*E*) of 102--147 and 211--272 kJ/mol, respectively. The bonding energy of the C--Cl was lower than that of C--C.^[@ref9]^ The activation energy (*E*) of the first stage was lower than that of the second stage, resulting from the unstable structure of PVC at a temperature above 200 °C. The two stages of PVC pyrolysis were corresponding to the breaking of C--Cl and C--C bonds.

![Activation energy (*E*) and ln*A* of LLDPE, PP, PVC, and their mixtures within the conversion range of 0.1--0.9 (PE = LLDPE).](ao9b04116_0004){#fig4}

For LLDPE/PP mixtures, the activation energy (*E*) kept reducing with the decrease of the initial mass ratio of LLDPE to PP at the same conversion rate. This was because of the relatively low activation energy of PP. For LLDPE/PP/PVC (3:2:1), the pyrolysis of LLDPE/PP/PVC (3:2:1) was mainly characterized by the pyrolysis of both LLDPE and PP because of their share in the mixture after chlorine removal. Thus, higher activation energy (*E*) was observed after the conversion rate of 0.1. Additionally, a similar feature of the kinetics behavior was observed for LLDPE, PP, PVC, and their mixtures. The variation of the activation energy (*E*) showed the same trend as that of ln*A*. The maximum activation energy (*E*) as well as ln*A* was observed at the same conversion rate. It could be explained by the kinetics compensation effect, indicating the linear relationship between the activation entropy of the activated body and the activated enthalpy.^[@ref24]^

4. Conclusions {#sec4}
==============

Pyrolysis of plastics (LLDPE, PP, and PVC) and their mixtures was conducted under non-isothermal conditions to investigate the synergistic effect and its impact on chlorine removal from chlorinated plastics. The TGA data clearly indicated the synergistic effect during the pyrolysis of plastic mixtures. The decomposition of the LLDPE/PP mixtures occurred earlier than that of calculated ones. However, the synergistic effect weakened with the increase of LLDPE proportion in the mixtures.

For the mixtures containing PVC, the dechlorination temperature was delayed after introduction of the LLDPE and PP. In the meanwhile, the PVC dechlorination ratio was hindered after introduction of LLDPE or PP. It suggests that the treatment of chlorinated waste plastics was more difficult than that of PVC in thermal conversion. In practical, more attention should be paid on both the high-temperature chlorine corrosion and high-efficient chlorine removal. These data are helpful for the treatment and thermal utilization of the yearly increased plastic wastes.

The Supporting Information is available free of charge at [https://pubs.acs.org/doi/10.1021/acsomega.9b04116](https://pubs.acs.org/doi/10.1021/acsomega.9b04116?goto=supporting-info).Composition of TG/DTG curves, fitting curves, fitting correlation coefficient value *R*^2^, activation energy values, and frequency factor values ([PDF](http://pubs.acs.org/doi/suppl/10.1021/acsomega.9b04116/suppl_file/ao9b04116_si_001.pdf))
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